Encapsulation in Polymeric Microparticles Improves Daptomycin Activity Against Mature Staphylococci Biofilms-a Thermal and Imaging Study.
Eradication of Gram-positive biofilms is a critical aspect in implant-associated infection treatment. Although antibiotic-containing particulate carriers may be a promising strategy for overcoming biofilm tolerance, the assessment of their interaction with biofilms has not been fully explored. In the present work, the antibiofilm activity of daptomycin- and vancomycin-loaded poly(methyl methacrylate) (PMMA) and PMMA-Eudragit RL 100 (EUD) microparticles against methicillin-resistant Staphylococcus aureus (MRSA) and polysaccharide intercellular adhesin-positive S. epidermidis biofilms was investigated using isothermal microcalorimetry (IMC) and fluorescence in situ hybridization (FISH). The minimal biofilm inhibitory concentrations (MBIC) of MRSA biofilms, as determined by IMC, were 5 and 20 mg/mL for daptomycin- and vancomycin-loaded PMMA microparticles, respectively. S. epidermidis biofilms were less susceptible, with a MBIC of 20 mg/mL for daptomycin-loaded PMMA microparticles. Vancomycin-loaded microparticles were ineffective. Adding EUD to the formulation caused a 4- and 16-fold reduction of the MBIC values of daptomycin-loaded microparticles for S. aureus and S. epidermidis, respectively. FISH corroborated the IMC results and provided additional insights on the antibiofilm effect of these particles. According to microscopic analysis, only daptomycin-loaded PMMA-EUD microparticles were causing a pronounced reduction in biofilm mass for both strains. Taken together, although IMC indicated that a biofilm inhibition was achieved, microscopy showed that the biofilm was not eradicated and still contained FISH-positive, presumably viable bacteria, thus indicating that combining the two techniques is essential to fully assess the effect of microparticles on staphylococcal biofilms.